Silent information regulator 2alpha, a longevity factor and class III histone deacetylase, is an essential endogenous apoptosis inhibitor in cardiac myocytes.
Yeast silent information regulator 2 (Sir2), a nicotinamide adenine dinucleotide-dependent histone deacetylase (HDAC) and founding member of the HDAC class III family, functions in a wide array of cellular processes, including gene silencing, longevity, and DNA damage repair. We examined whether or not the mammalian ortholog Sir2 affects growth and death of cardiac myocytes. Cardiac myocytes express Sir2alpha predominantly in the nucleus. Neonatal rat cardiac myocytes were treated with 20 mmol/L nicotinamide (NAM), a Sir2 inhibitor, or 50 nmol/L Trichostatin A (TSA), a class I and II HDAC inhibitor. NAM induced a significant increase in nuclear fragmentation (2.2-fold) and cleaved caspase-3, as did sirtinol, a specific Sir2 inhibitor, and expression of dominant-negative Sir2alpha. TSA also modestly increased cell death (1.5-fold) but without accompanying caspase-3 activation. Although TSA induced a 1.5-fold increase in cardiac myocyte size and protein content, NAM reduced both. In addition, NAM caused acetylation and increases in the transcriptional activity of p53, whereas TSA did not. NAM-induced cardiac myocyte apoptosis was inhibited in the presence of dominant-negative p53, suggesting that Sir2alpha inhibition causes apoptosis through p53. Overexpression of Sir2alpha protected cardiac myocytes from apoptosis in response to serum starvation and significantly increased the size of cardiac myocytes. Furthermore, Sir2 expression was increased significantly in hearts from dogs with heart failure induced by rapid pacing superimposed on stable, severe hypertrophy. These results suggest that endogenous Sir2alpha plays an essential role in mediating cell survival, whereas Sir2alpha overexpression protects myocytes from apoptosis and causes modest hypertrophy. In contrast, inhibition of endogenous class I and II HDACs primarily causes cardiac myocyte hypertrophy and also induces modest cell death. An increase in Sir2 expression during heart failure suggests that Sir2 may play a cardioprotective role in pathologic hearts in vivo.